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1. INTE 3DUCTION 
The solar flux emitted in the wavelength region from 1200 to 3000A is of 
great interest to both solar and atmospheric physicists. In the visible and in- 
frared, the solar spectrum is essentially a contiiluum, however, absorption 
lines superimposed upon the continuum become increasingly more pronounced 
as one goes to shorter wavelengths in the near ultraviolet near 3000A. Con- 
tinuing to still shorter wavelengths, a very steep decrease is observed in the 
continuum flux associated with the A1 I ionization edge and its associated con- 
tinuum at shorter wavelengths. Similar ionization edges with their associated 
continuua are observed for H, M, , Si, Fe , and C . These elements represent 
the principal sources of solar opacity in the wavelength region from 1200 to 
3 0 0 0 k  From 3000A to 2100A t ue  absorption lines superimposed in the continu- 
um zbsorb increasingly more c nergy . As one moves further into the ultraviolet 
past the A1 I ionization edge, tte importance of emission lines increases rapidly 
with the absorption lines disappearing near  1500A. For wavelengths shorter 
than 1400 4, the chromospheric and coronal emission lines begin to dominate 
the emission in the continuum. 
Ths source of the solar continuum radiation changes from the photosphere 
to the chromosphere as the wavelength of the solar spectrum decreases from 
3000 ta i20C 4. In passing through this transition region, the brightness tern- 
peratimc of the solar continuum goes through a minimum between 1500 to 1800A. 
The increase in the absorption cross-sections with decreasing wavelengths 
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causes the effective emitting height of the solar continuum to move upwards in 
the solar atmosphere. These effects are shown in Figure 1 (Vernazza et al., 
1976). The shaded band represents the brightness temperature Tb (legend on 
the right) of the continuum at the center of the solar disk. The solid line gives 
the height h (legend on the right) in the solar atmosphere at which the solar 
spectral flux has an attenuation of l/e (or has an optical depth TI equal to one). 
The height is measured from the level where ~h is 1 for h = 5000A. The value 
of T b  is from observations md that of h from the solar model computations of 
Vernazza et al . (1976). 
In the terrestrial atmosphere, solar radiation from 1250 to 2000A is ab- 
sorbed in the lower thermosphere and mesosphere by 0, which produces atomic 
oxygen through the dissociation of 02. The longer wavelengths from 2000 to 
3000A are absorbed in the upper and lower stratosphere. This radiation is re- 
sponsible for the photochemistry of stratospheric ozone. At the long wavelength 
end the absorption cut-off for solar flux which reaches the ground i s  strongly 
dependent upon the total ozone column amount which is highly variable with 
season and geographical location. Figure 2 gives an approximate representa- 
tion of the absorption of normally incident solar spectral flux in the Earth's 
atmosphere as a function of wavelength (Friedman, 1960). The y-axis gives 
the altitude above sea-level at which solar flux is reduced to l/e of the extra- 
terrestrial value. 
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Thermal gradients, which are variable with altitude, geographi6a.l location, 
season and solar flux represent a major driving term in the circulation of the 
stratosphere. Investigations of atmospheric phenomena on synoptic and cLima- 
tological time scales c81~ serve as a useful indicator for the behavior of the Sun 
as an ultraviolet variable star. The variability of the Sun below 1: OOA is well 
established not only from direct observations of the Sun, but also from in-situ 
measurements of atmospheric constituents and parameters and satellite drag 
effects. The problem of determining the temporal behavior of the solar flux in 
the region from 1200 to 3000w is much more difficult since the magnitude of the 
variability is less than in the E W ,  and satellites cannot operate in the region 
of the atmosphere bounded by the lower thermosphere below 1 2 0 h  and the 
stratosphere. 
In this region, only remote atmospheric sounding techniques are  possible 
and when coupled with the fact that dynamics play important roles in atmos- 
pheric structure and composition, it becomes quite difficult to separate out 
effects which can be attributed to the intrinsic variability of the Sun. 
2. SOLAR SPECTRAL IRRADIANCE 
Measurement of the solar spectral energy distribution is usually in terms 
of either the spectral radiance at the center of the solar disk (units, ergs 8-' 
cm-* nm-' ster-') or  the spectral irradiance due to the whole SUI at one A.U. 
Because of limb darkening (or brightening at short wavelengths) and increased 
brightening in active regions, the radiance is not uniform at all points on the 
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disk. The relation between average spectral radiarce of the disk, h, and that 
at the disk center, LA,, is: 
LA = LAC Lff’ Rho cos 8 sin 6 d 6 (1) 
where 8 is the angle subtended at the center of the Sun by two eolar radii, one 
passing through the disk center and the other passing through any other su1pf8c8 
element on the Sun, and Ru is the limb darkening (or brightening) function, 
namely, the ratio of radiance of a surface element at angle 6 to the radiance of 
the disk center at wavelength A .  To the extent that LxC and RM are known, Ll 
can be evaluated. 
Spectral irradiance of the Sun at one A.U. is: 
where r is the solar radius and R is one A.U. 
Total irradiance o r  the solar constant is: 
E = $,” EAdA. (3) 
A particular type of solar observation, i.e., solar spectral irradiance o r  
radiance, is usually determined by the nature of the scientific investigation. In 
general, measurements of the solar spectral energy distribution are of irradi- 
ance or  radiance, respectively, according as the investigations a re  for terres- 
trial or  solar phenomena. Since measurements of the solar spectral energy 
distribution from 1200 to 3000A must be made from altitudes where the e€fects 
of atmospheric attenuation are negligible, experimentally it is easier to 
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measure irradiance since telescope systems with high pointing accuracy are 
not required for such measurements. 
A separate topic, which will not be discussed in this work due to limitations 
of space but which obviously is of great importance, is the question of instru- 
ment calibration techniques. 
Basically, there are two ways in which the problem can be approached. 
One can either measure the wavelength dependence of the instrument transfer 
function and detector efficiency o r  illuminate the instrument with standards of 
spectral radiance or irradiance. When using the latter technique, it is impor- 
tant that the spectral energy distribution of the radiation standard and of the  
Sun not be too dissimilar over the spectral bandpass of the instrument. 
Conversion of measurements of the central disk solar spectral rap mce to 
irradiance for the region of 1200 to 3000A i s  complicated because the character 
of the solar spectrum changes from line absorption to line emission and from 
limb darkening to limb brightening as one proceeds to shorter wavelengths. In 
addition, the limb function not only varies with wavelength, but is also a param- 
eter of each individual spectral line. This problem has been discussed in great 
detail by Vernazza et al. (1976). 
Table I gives a list of the major sources of data on s o h  spectral irradi- 
ance of the Sun. This is not a fully exhaustive list, and the information about 
type of measurement and method of calibration is necessarily very brief. The 
authors and the references are  given in the first column, and the dates on which 
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the measurements were  d e  in the next column. The listing is in the order of 
these dates. 
The values of solar spectral irradiance from eight different sources are 
given in Table II. The wavelength range for the table is 1000 to 3000A though 
not all of the measurements cover the full range. The units of irradiance are 
ergs sec" cm-2 per IOA bandwidth (or w m-2 pm-1) except f r the last column 
which is in units of 13l0 photons cm-2 sec" nm-l . The sources for these data 
are: Col. 3, hnnelly and Pope (1973); Col. 4, Heroux and Swirbalus (1976); 
Col. 5, D. Samain and P. C. Simon (1976) and A. L. Broadfoot (1972); Col. 6, 
Detwiler et al. (1961); Co!. 7, M. P. Thekaekara (1974); Col. 8, Brueckner 
et al. (1976); Cols. 9 and 10, G. J. Rottman (1974) data from December 13, 
1972 and August 30, 1973, respectively; and Col. 11, h m e l l y  and Pope (1973). 
The entries in columns 3 and 11 are  equivalent and a re  the only ones wkch 
cover the full range from 1000 to 3000A and with lOA resolution. They are 
taken from a detailed NOAA Technical Report which presents the solar flux in 
the wavelength range 1 to 3000A for a moderate level of solar activity (10.7 cm 
radio flux = 150 x 10 22 W m-2 Hz" at 1 A.U.). The report does not present 
pew measurements but gives a critical evaluation of all previous measurements 
made from balloons, rockets and satellites. The major sources of data for the 
wavelength range 1000 to 3000a are  Hinteregger (1970), Timothy et al. (1972), 
Vidal-Madjar et al. (1973), Rottman (1973), Dupree and Reeves (1971), Detwiler 
et al. (1961) , Prag and Morse (1970), Parkinson and Reeves (1969), Widing 
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et al. (1970), Carver et al. (1972) and Broadfoot (1972). Two of these data sets, 
those of Broadfoot and Detwiler et al., are listed separately in colums 5 and 
6 respectively, of Table II. There are several emission Lines below 1560A. 
Donnelly and Pope list 20 of these single lines or groups of lines. In Table II 
the energies of these lines have been added to that of the continuum in the ;ar- 
responding lOA range. The strongest of these is Lyman (Y at 1215.7A with an 
energy flux according to Donnelly and Pope of 5 . 1  erg 8' cm-* , which is nearly 
twice the total solar irradiance below this wavelength. 
In column 4 the values of spectral irradiance obtained by Heroux and 
Swirbalus (1976) from a rocket flight of November 2, 1973 are prqsented. The 
authors also made a later flight on April 23, 1974 and values from the second 
flight are shown graphically but not listed in tabular form in their publication. 
The second set of values were 5 to 10% lower than the first, a difference which 
is attributed to a change in spectrometer efficiency, not to a decrease in solar 
flux. Unlike the other entries in Table II, these values have not been adjusted 
to 1 A.U. Since the bun-Earth distance on November 2 was 0.8% less than 1 
A. U. , the values of column 4 should be adjusted downwards by 1.6%. The 
wavelength range for these measurements is 1230 to 1940A. 
In column 5 the values are from two sources. For the range 1510 to 2090A 
the data are  from a preprint of Samzin and Simon (1976), based on a rocket- 
borne spectrograph flown on April 17, 1973. Direct measurements over another 
part of the spectrum, 2105 to 3005A, are  quoted from A. L. Broadfoot in the 
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same column. For Broadfoot's data and for the next two columns, the entries 
fall midway between the lines of the other columns, since the measurements 
published in the literature apply to bands centered at integral multiples of 1018. 
Thus, for example, the first entry in column 5 for 2100 to 2 1 1 a  is 39.4 which 
is the average irradiance iu the range 2105 to 211518. The values listed here 
were derived by converting Broadfoot's photon flux data, into ergs, and further 
increasing them by 3.18% to adjust to 1 A.U. 
The data in column six are from rocket flights of a much earlier period 
made by the group at the Naval Research Laboratory. The measurements were 
on a relative scale, and conversion to absolute units was  made by comparing 
the results in the range beyond 300018 with the data obtained by Dunkelman and 
Scolnik (1959) from Mt. Lemon,  and scale adjustments of these data made by 
Johnson (1954) on the solar spectrum. The values are averages o ~ e r  5048 
bandwidths. 
In column 7 a similar set of values averaged over wide wavelength bands 
derived by M. P. Thekaekara (1973, 1974) a re  given. These values are from 
the first portion of Thekaekara's table which extends from 115018 to 1000 p m. 
The direct measurements of the GSFC group from the Convair 990 redearch 
aircraft (Thekaekara et al . ,  1969) cover the wavelength range 3000A to 15pm. 
The extension of the results to wavelengths below 300018 was based on the re- 
sults of Heath (1969), Detwiler et al. (1961) and Parkinson and Reeves (1969), 
with adiustments in the scale based on the absolute measurements of the GSFC 
group beyond 300018 from Convair 990. 
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Data over a more limited wavelength range, 1740 to 2105A are given in 
column 8. They are from a preprint of Brueckner et al. (1976) and were ob- 
tained on a rocket flight of September 4, 1973. Data were also obtained on this 
flight for the lower wavelength range, down to 1175A, but have not yet been pub- 
lished. The measurements were  made with a spectrometer pointed at  a 60 x 60 
arc  seconds area of the quiet Sun. The authors give four sets of data for (1) 
plage, Sun center, (2) quiet Sun, Sun center, (3) quiet Sun, average disk inten- 
sity and (4) quiet Sun flux at 1 A.U. The fourth set of values is quoted here. 
Brueckner's listing is for 5R averages and pairs of values have been summed 
to give irradiance over lOR bandwidths. 
Tvo sets of values obtained by G.  J. Rottman (1974) from rocket flights of 
deccmber 13, 1972 and August 30, 197 3, respectively are given in columns 9 
and 10. The wavelength range is 1160 to 1800A. 
The final column, as stated earlier, is the solar flux in units of 1 O l o  photons 
cm-2 s-l nm-' , the values are from Donnelly and Pope. 
Most of these data wts are also shown graphically in Figures 3 and 4 for 
wavelength ranges 1300 to 2300A and 2000 to 3000A respectively. Data not in- 
cluded in these figures are those of Detwiler et al. which are significantly dif- 
ferent from all later measurements and the data from Rottman's second flight 
which are too close LO those of the fir& flight. Three other sets of data a re  also 
shown graphically. They could not conveniently be entered on Table !I since the 
wavelength intervals are not multiples of lOA. They are from Ackerman (1971), 
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Simon (1975) and Heath (1973). Ackerman's listing is based on a review of sev- 
eral earlier measurements and covers the whole wavelength range of these fig- 
ures. Simon's data were obtained from balloon measurements, extrapolated to 
zero air mass. They cover the wavelength range 1961 to 2299A and 2857 to 
3525A. Heath lists solar irradiance at 12 wavelengths between 2557 and 339918. 
Ths measurements were made from Nimbus 4 spacecraft with a double grating 
monochromator which had a lOA "pectral bandpass and a triangular slit function. 
The results presented in Table II and Figures 3 and 4 f a i l  to show the fine 
structure which exists in the solar spoctrur:, . Many of the observers obtained 
spectra with considerably higher resolution than the 10A bandwidth adopted for 
these figures. Figure 5 from Broadfoot (1972) gives a,n example of the high 
resolution spectra available in literature. Broadfoot also gives an extended 
table of irradiance values at l.A intervals and includes with his spetdral curve, 
a comparison spectrum based on earlier data of the Naval Research Labc;*Ltory. 
These data are not reproduced here. The line structure of Broadfoot's spectra 
is essentially the same as that of the earlier NRL spectra but the flux values 
are lower. The maximum differences between the two sets of data are  &out 
30% at 250uA and 40% 3200A when the ratio curve is smeared with a triangular 
function of 25A half-width. Without such smearing, the difference8 are greater. 
These differences, for example, by a factor of 2 at 3160A, should be attributed 
to measurement problems ratb, , than to intrinsic variations in solar output. 
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Digitized versions of high resolution spectra are  available in two major 
reports. A NASA Report prepared at J.P. L. by Brinkmm ct al. (1966) gives 
in digital form the densitometer tracings of the NRL spectra. The region cov- 
ered is 880 to 1550A and 1760 to 29908,. The tables give the irradiance at in- 
tervals of 0.1A and 0.28, and also integrated values of the irradiance over inter- 
vals of 1, 10 and 50A. An NCAR report published by Furukawa et al. (1967) 
gave a new estimate of the absolute solar f l u  of the digital data of B r i n h a n  
~t al. , using unpublished NRL spectra, Soviet data, and ground based measure- 
ments. The wavelength range is 2080 to 3600A, with over 2400 data points for 
the rang.=: 2080 to 3050A and about 10,000 data points for the range 3050 to 3600A. 
A major problem with all measwements of spectral radiance or  irradiance 
i s  the absolute radiometric accuracy. Tungsten coiled coil lamps referred to 
as quartz-iodine lamps (1000 W) are  available from NBS and many commercial 
suppliclrs, as standards of spectral irradiance. They cover the range 2500 to 
25000A. Such lamps have been issued since 1964 (Stair et al . ,  1963) by the 
NBS, but since 1967, doilbts have been raised as to their absolute accuracy. As 
a result of more recent research conducted at NBS, new spectral irradiance 
standards became available in 1373. A comparison of the scales of 1964 and 
1973 shows that in the  wavelength range between 2500 and 3000A the new scale 
i s  lower by percentages varying between 5 and 10  percent. The uncertainties in 
other sources and in the detectors used below 2500A are  somewhat greater. 
With possible inaccuracies in the so-called "standards, " thc absL lute accuracy 
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of the transfer in calibration to an experiment on rocket, balloon or spacecraft 
decreases. Hence, it is not surprising that measurements of the Sun .made by 
different observers do not yield identical values. As an example of the variant 
readings, the data from six different measv- sments are shown in Figure 6 which 
is reproduced from Figure 8 of Donnelly and Pope (1973). The wavelength range, 
1400 to 1750A, is a third of that cwered in Figure 3 and the irradiance scale is 
nbore expanded. Over most of the range, the data of Widing et al. (19'id) are 
aboait three times greater than those of Parkinson and Reeves (1969) and at 
l6OOA the former is 5.2 times the latter. The brightness temperature which 
best fits the data is 4700K for Widing et al. and 4400K for Parkinson and 
Reeves. The ratio of solar irmdiances at these two temperatures decreases 
gradually from 4.4A at 1400A to 3.30 at 1750A. 
3. SOLAR FLUX VARIALLITY 
The effects of solar variability on the density of the thermosphere are well 
established from satellite drag measuremcnts (King-Hele and Quinn, 1967) for 
sur ?pot maximum and sunspot minimum and (Jacchia, L. , 1963) for the 27-day 
solar rotational period. The principal regiori of the solar flux which produces 
this effect originates below 1200A. Direct measurements of the variability as- 
sociated with the 27-day solar rotational period of the solar ElJV flux below 
1200A have been reported by numerous authors, e. g . , Yall and Hinteregger 
(1970). The magnitude of the variability of the  solar E W  flux below 12OOA 
between solar minimum and solar maximum, hDwever , has n3t been measured 
directly. 
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Above 1200A, the 27-day vzriability in the L%' flus has been measured from 
satellites over extended periods by Vidal-Madjar et al. (1973) at La and by 
HcAA (1973) at La and l75nA. Other satellite measurements of R 27-day vari- 
ability of the solar flwc coming from the region of thc solv temperature mini- 
mum have been observed by Prag and Morse (1970) and Hinteregger (1975). The 
observations of Prag and Morse are not consistent with those of Heath (1973) and 
Hinteregger (1975). An example of the wavelength dependence of the 27-day 
variability observed with three channels of an experiment on Nimbus 3 (Heath, 
1373) is shown in Figure 7 for a period of very high solar activity in May 1969. 
Since the apparent 27-day variability of the incident solar flux which originates 
between the transition region and the photosphere is small, it may be difficult to 
observe direct effects in the stratosphere and mesosphere. While the principal 
source of the 27-day variability of the shortest wavr);Lq$h channel A in Figure 7 
is La, that centered about 1750A has been shown by Brueckner et al. (1976) to 
be quantitatively related (within 40%) ta an enhanced continuum and line emission 
in active regions. 
4. THE 11-YEAM CYCLE 
The sunspot cycle, a nominal period of eleven years, is defined in terr.s of 
a modLlation in the nunher of sunspots and sunspot gi-oups with time. This cycle 
is characterized by the Wolf number, o r  Zurich number, R, which i s  a function 
of the total number of spots and the number of spot groups. 
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An ll-year solar variability is of considerable interest in the area of Sun- 
weather relations since many correlations with atmospheric phenomena have 
been reported, e.g., see the recent review by King (1975). Recently Smith and 
Gottlieb (1974) have concluded that there is no variation longward of 1500A over 
the Il-year solar sunspot cycle. 
These observations along with those obtained from a balloon flight by Brewer 
and Wilson (1965) indicate very definite evidence for an ll-year solar cycle 
variability in  the ultraviolet solar flux. Observations are shown in Figure 8 as 
deviations from an arbitrary model of solar spectral irradiance. The observa- 
tions by Heath (1973, 1976) are based on a combination of rocket and satellite 
measurements which began in August 1966 and extend through May 1976. The 
open data points corresponding to the years 1966, 1969, and 1970 represent 
broad-band photometric observations by the Monitor of Ultraviolet Solar Energy 
Experiment (MUSE) from a rocket flight in  August 1966 and from the satellites 
Nimbus 3 and 4 which were launched in April 1969 and April 1970 respectively. 
These experiments were calibrated against a standard CsTe vacuim photodiode 
which had been calibrated by the National Bureau of Standards. The solid circle 
is from the measurements reported by Ackerman (1973) and the open triangle 
represents the balloon observation by Brewer and Wilson (1968). The crosses 
were obtained with a double-monochromator experiment which was. flown on 
Nimbus 4 in April 1970 and Explorer 55 i n  November 1975. The latter repre- 
sents the flight of a residual Backscattered Ultraviolet (BUV) Experiment flight 
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model from the Nimbus program, a unit identical to the one launched in April 
1970. Both double monochromators observed the Sun with a lOA spectral band- 
pass at 12 discrete Navelengths from 2550 to 3400A, and were  calibrated against 
1000 wat t ,  quartz-iodine tungsten lainp standards of spectral irradiance. 
Envelopes of the data obtained near solar niaximum and solar minimum are 
indicated by the two solid lines in Figure 8. These observations indicate that the 
solar flux at 1750A is about a factor of 2.5 greater at solar maximum than at 
solar minimum and at 3000A the effect is about 18%. These changes over the 
solar cycle correspond to increases in the equivalent brightness temperature of 
the Sun of about 240°K at l800A and 120°K at 3000A. 
The variability which has been observed to be associated with the 11-year 
sunspot cycle is about a factor of 20 greater than that observed over the 27-day 
solar rotational period. A fundamental question remains however as to whether 
the variations in the W flux over maximum and minimum phases of the solar 
cycle repreaent an increase in the total solar irradiance which is called the 
solar constant or  whether there is a corresponding decrease in the radiation 
which is emitted lower down in the photosphere. In which case the %alar 
constant" is constant. 
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TITLES FOR TABLES 
Table I - Major Measurements of the Solar Spectral Radiance and Irradiance 
in the Wavele. =th Rauge 1200 To 3000A. 
Table 11 - Solar Spectral Irradiance in the Wavelength Range 1000 To 3000A. 
The sources of these data are: D. & P., Donnelly and Pope (1973); 
H .  & S.  , Heroux and Swirbalus (1976); S. & S . /A.L.  B., Samain and 
Simon (1976) for 1510 to 2090A and A. L. Broadfoot (1972) for 2100 
to 2990A; D. et al., Detwiler et al. (1961); M.P.T., 34. P. 
Thekaekara (1974); B. et al., Brueckner et al. (1976); G.J.R.( l ) ,  
G .  J .  Rottman (1974) 12/13/1972; G.J.R.(2),  G. J .  Rottman (1974) 
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0.44 
0.16 
0.13 
0.7 1 
0.10 
0.26 
0.17 
0.16 
0.17 
0.48 
20 
Wavelength 
Range 
From 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
15 10 
1520 
1530 
1540 
1550 
1560 
1570 
15 80 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
- 
I 840 
- 
- 
To 
14:O 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
15 30 
1540 
'550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1790 
1800 
1780 
I810 
1820 
1830 
1 8 4  
1850 
D. & P. 
0.060 
0.034 
0.043 
0.040 
0.044 
0.06 1 
0.067 
0.067 
0.072 
0.080 
0.084 
0.112 
0.13 
0.201 
0.17 
0.17 
0.15 
0.14 
0.15 
0.17 
0.18 
0.22 
0.27 
0.29 
0.G3b 
0.42 
0.35 
0.40 
0.47 
0.62 
0.73 
0.73 
0.79 
0.76 
0.90 
1.02 
1.1 
1.2 
1.3 
1.3 
1.4 
1.6 
1.5 
1.5 
I .J 
H.& S. 
0.044 
0.028 
0.028 
0.035 
0.034 
0.036 
0.045 
0.056 
0 .05 4 
0.053 
0.060 
0.066 
0.07 8 
0.088 
0.109 
0.1 39 
0.116 
0.104 
0.103 
0.091 
0.109 
0.124 
0.156 
0.179 
0.182 
0.33 
0.25 
0.31 
0.35 
0.45 
D55 
055 
058 
D56 
0.62 
0.70 
0.73 
D .85 
0.93 
0.95 
1.24 
156 
1.51 
150 
1.31 
s. 8 s. 
0.0694 
0.0786 
0.08 13 
0.124 
0.108 
0.107 
0.106 
0.106 
0.108 
0.1 19 
0.137 
0.150 
0.167 
0.192 
0.278 
0301 
0.226 
0.260 
0.349 
0.41 1 
0.428 
0.495 
0503 
0.625 
0.85 3 
0.958 
1.29 
1.47 
1.43 
1.69 
2.19 
2.02 
2.1 3 
1-79 
_I 
D. et  al. 
0.10 
0.19 
0.34 
0.64 
1 .o 
1.62 
2.4 
3.8 
5.6 
-- 
M.P.T. 
0.070 
0230 
0.630 
1.250 
B. et al. 
- 
0.697 
0.859 
0.934 
1.15 
I .28 
1.27 
156 
1.77 
1.86 
1.99 
I .69 
-- 
C.J.R. 
(1) 
0.0463 
0.0286 
0.0297 
0.0361 
0.0342 
0.0387 
0.0516 
0.0624 
0.0666 
0.0630 
0.0692 
0.0727 
0.0964 
0.109 
0.175 
0.161 
0.150 
0.127 
0.119 
0.122 
0.140 
0.145 
0.174 
0.200 
0.215 
0.323 
0.250 
0.29 1 
0.358 
0.456 
0 5  35 
0543 
057 1 
0.555 
0.65 9 
0.732 
0.788 
0873 
0.990 
0.968 
1.14 
1.31 
1.23 
1.08 
0.875 
- 
G.J.R. 
(2) 
0.0483 
0.0292 
0.0337 
OD375 
0.0389 
OD435 
0 .OS 24 
0.0674 
0.0700 
0.0622 
0.0717 
0.0775 
0.099 1 
0.108 
0.175 
0.155 
0.154 
0.120 
0.118 
0.123 
0.144 
0.169 
0.175 
0.207 
0.328 
0.236 
0.277 
0.342 
0.438 
0 5  12 
0519 
0543 
0539 
0.627 
0.75 3 
0.747 
0.887 
0.993 
0.977 
1.16 
1.33 
125 
I .26 
D.958 
0.1 n 
D. & P. 
Photons 
0.43 
0.24 
0 2 6  
0.31 
029 
0.32 
0.45 
0.50 
0.50 
0.54 
0.6 1 
0.64 
0.86 
0.98 
155 
1.31 
1.3 
1.2 
1.1 
1.2 
1.4 
1.5 
1.8 
2.2 
2.4 
3 5  
2.9 
3.4 
4.0 
5.3 
6.2 
6.3 
6.8 
6.7 
7.9 
9.0 
9.8 
11 
12 
12 
13 
15 
14 
14 
13 
21 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
217u 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2290 
To 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
21 20 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
- 
D. & P. 
2 .o 
22 
25 
2.7 
2.9 
3.1 
3.4 
3.7 
4.0 
4.4 
4.8 
5.1 
5.6 
6 .O 
6.6 
7.1 
7.8 
d .4 
9.1 
9.8 
10.7 
115 
12. 
18. 
26. 
37.2 
46.3 
39.7 
43.1 
552 
48.3 
45.3 
48 9 
58.9 
63.3 
61.1 
52. 
66. 
85 J 
74.7 
665 
49.6 
51.8 
66.7 
58.8 
H. & S. 
1.31 
1.60 
1.88 
I .83 
2.1 
2.3 
2.4 
2 .I 
2.1 
- 
s. & s. 
2.04 
253 
2.81 
2.95 
3.08 
3.06 
3.45 
359 
2.61 
456 
4.34 
4.91 
4.90 
4.93 
5 .SO 
6.19 
6.21 
6.30 
7.45 
8.70 
8.89 
9.28 
10.8 
12.1 
A.L.B 
39.4 
44.9 
41.2 
50.7 
53.2 
47 -3 
43 .O 
575 
58.2 
66.7 
52.1 
59.3 
78.4 
73.7 
60.9 
45.1 
63.6 
62 1) 
58.6 
74 a 
- 
D. et al. 
8.2 
11 
14 
18 
29 
48 
62 
70 
72 
r- M.P.T. B.etal 
2.7 10 
10.7 
22.9 
575 
66 .I 
1.89 
2.20 
2.46 
260 
2.82 
3 0 7  
3.25 
354 
2.69 
4.43 
4.3 2 
4.84 
4.92 
4.98 
5.46 
5 92 
6.66 
6.91 
728 
S 96 
9.18 
9.80 
115 
13.9 
20.8 
- 
C.J.L. 
(2) 
D. & P. 
Photons 
19 
21 
23 
25 
28 
30 
33 
36 
39 
43 
47 
51 
56 
60 
66 
72 
79 
85 
93 
100 
110 
120 
130 
190 
280 
394 
494 
425 
463 
591 
5 24 
494 
536 
648 
700 
679 
580 
740 
96 3 
844 
755 
5 66 
5 94 
767 
680 
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Wavelength I Range 
From 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
25 00 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
27 10 
2720 
2730 
2740 
- 
To 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
245 0 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
25 40 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
- 
- 
D. & P. 
68.3 
605 
66.4 
54.9 
48.1 
67.3 
59.2 
62.1 
505 
54.9 
50.7 
64. 
86. 
77.3 
73.3 
60.1 
61.1 
66.9 
525 
702 
685 
533 
51.2 
64 .I 
70.7 
998 
120. 
144. 
148. 
115. 
107. 
108. 
123. 
190. 
279. 
292. 
269. 
278. 
267. 
264 
302. 
234. 
226. 
204. 
142. 
H.& S. A.L.B. 
- 
65.3 
68.1 
60.4 
50.7 
58.3 
62.1 
62.1 
52.4 
58 2 
51.1 
49.9 
79.3 
a’? 9 
78 1 
61 6 
58.9 
66.3 
61.3 
55.7 
74.8 
61 8 
50.2 
56.9 
68.3 
82.0 
101.6 
141.1 
145.3 
1385 
106.4 
96 
128. 
119. 
170. 
267. 
2 8 8 .  
174. 
278. 
261. 
288. 
183. 
101. 
147. 
158. 
164. - 
D. et al. 
64 
68 
78 
76 
112 
140 
M.P.T. 
593 
63.0 
72.3 
70.4 
104 .O 
130. 
185 
232 
204 
B. et al. 
- 
G.J.R. 
(2) 
- 
D. & P. 
Photons 
793 
706 
77 7 
646 
568 
798 
705 
743 
606 
662 
614 
778 
1050 
949 
902 
743 
758 
834 
65 7 
882 
865 
676 
65 1 
826 
906 
1280 
1550 
1870 
1930 
1500 
1400 
1420 
1630 
2530 
3720 
3910 
3610 
3750 
3620 
3580 
41 10 
32 10 
3140 
2800 
1970 
23 
H.81S. - 
From 
2750 
2760 
2770 
2780 
2790 
2800 
28 10 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 
2920 
2930 
2940 
2950 
2960 
2970 
2980 
2990 
- 
- 
A.L.B. 
245. 
273. 
202. 
131. 
87.1 
175. 
289. 
336. 
318. 
155. 
295. 
380. 
301. 
429. 
598. 
611. 
550. 
562. 
525. 
531. 
593. 
451. 
524. 
497. 
434. 
- 
To 
2760 
2770 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 
2920 
2930 
2940 
2950 
2960 
2970 
2980 
2990 
3000 
- 
nso 
- 
G.J.R. 
(2) 
D. & P. D. & P. 
Photons 
2950 
3710 
3410 
2370 
1260 
1710 
3460 
4550 
4850 
3450 
2646 
5180 
5130 
7410 
9110 
8690 
7670 
8190 
77 30 
8700 
7460 
8500 
6650 
7490 
5190 
212. 
267. 
244. 
169. 
89 .8 
121. 
244. 
320. 
340. 
241. 
183. 
359. 
358. 
353. 
509. 
623. 
592. 
520. 
554. 
521. 
585. 
499. 
567. 
442. 
496. 
D. et aL M.P.T. 
222 
315 
482 
584 
514 
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CAPTIONS FOR FIGURES 
Figure 1. Brightness temperature Tb (legend on right - shaded area) and heignt 
in the solar atmosphere for optical depth rA = 1 above 
left - continuous line - From Vernazza et al. (1976). 
= 1 (legend on 
Figure 2. Descriptive representation of the altitude above sea level in the 
Earth's atmosphere of unit optical depth for solar spectral irradiance with 
zero zenith angle. 
Figure 3. Solar spectral irradiance in the wavelength range 1300 to 2300A at 
1 A.U. 
Figure 4. Solar spectral irradiance in the wavelength range 2000 to 3000A at 
1 A.U. 
Figure 5. Solar spectral irradiance in the wavelength range 2100 to 320046 - 
from Broadfoot (1972). 
Figure 6. Solar spectral irradiance in the wavelength range 1400 to 1750A - 
from Donnelly and Pope (1973). 
Figure 7. Variation in W solar spectral irradiance per solar rotation, 100 X 
(E- - Emi, j/Emi, , observed with three sensors on Nimbus 3 near eolar 
maximum. 
Figure 8. Variations in solar spectral irradiance apparently related to the 11 
year sunspot cycle based on observations from 1964 to 1975. 
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